jects (p ! 0.0001). Importantly, glomerulonephritis patients treated with RAS blockers had a marked attenuation of this augmentation (p = 0.0021). Conclusion: These data indicate that UAGT are increased in chronic glomerulonephritis patients and treatment with RAS blockers suppressed UAGT. The efficacy of RAS blockade to reduce the intrarenal RAS activity can be confirmed by measurement of UAGT in chronic glomerulonephritis patients.
Introduction
The renin-angiotensin system (RAS) plays an important role in blood pressure control, fluid and electrolyte homeostasis, and progression of renal disease [1, 2] . Recently, the focus of interest on the RAS has shifted toward the role of the local/tissue RAS in specific tissues [3] . The local RAS in the kidney has several pathophysiologic functions for not only regulating blood pressure but also renal cell growth and production of glomerulosclerosis, which is included in the development of renal fibrosis [4, 5] . Indeed, previous studies have shown that angiotensinconverting enzyme inhibitor (ACEi) and/or angiotensin II type 1 receptor blocker (ARB) have beneficial effects in rats and in humans with various renal diseases, and these effects are often considerably more significant than their suppressive effects on blood pressure [6, 7] .
Chronic glomerulonephritis that results in substantial renal damage is frequently characterized by relentless progression to end-stage renal disease. Renal angiotensin II, whose production is enhanced in chronic glomerulonephritis, can elevate the intraglomerular pressure, increase glomerular cell hypertrophy, and augment extracellular matrix accumulation [8, 9] . Angiotensin II antagonists or synthesis inhibitors markedly decelerate, and can even prevent, renal deterioration in renal disease [1, 8, 10, 11] . This may reflect the relatively short-term nature and small sample size of these studies, but may also be an indication that factors other than angiotensin II play an important role in progression of renal disease.
Angiotensinogen (AGT) is the only known substrate for renin that is a rate-limiting enzyme of the RAS. Recently, we reported that urinary excretion rates of AGT provide a specific index of intrarenal RAS status in angiotensin II-dependent hypertensive rats [12] [13] [14] . We also recently reported that intrarenal AGT immunoreactivity is enhanced in IgA nephropathy patients [15] . Moreover, it was reported that urinary AGT (UAGT) levels reflect intrarenal angiotensin II activity associated with increased risk for deterioration of renal function in chronic kidney disease patients [16] . Meanwhile, we recently developed direct quantitative method to measure UAGT using human AGT enzyme-linked immunosorbent assays (ELISA) [17] . These data prompted us to measure UAGT in chronic glomerulonephritis patients and investigative correlations with clinical parameters. Therefore, this study was performed to test a hypothesis that UAGT levels are enhanced in chronic glomerulonephritis patients and correlate with some clinical parameters.
Methods

Patients and Urine Samples
The experimental protocol of this study was approved by the Institutional Review Board of Tulane University and Tokushima University. Participants in this study were recruited in Tokushima University from April 1, 2007, to September 30, 2008 . Patients were considered to have chronic glomerulonephritis if they had a documented glomerulonephritis which was diagnosed by renal biopsy and/or on clinical grounds and showed urinary protein and/or occult blood for at least 12 months. Patients with diabetes mellitus, those with malignancies, and those with urinary tract infection were excluded from this study. Among the patients with chronic glomerulonephritis, those undergoing dialysis or with a history of renal transplantation were also excluded. Consequently, 100 urine samples from 70 patients with chronic glomerulonephritis and 30 normal control subjects were included in this study. Upon referral to the study, all subjects received and signed a consent form. When the subject was not capable of providing assent based on age, simple oral explanation of the study was offered and a signed parental permission form was obtained before the entry into the study. The patients were 49 females and 21 males (5-35 years), and the control subjects included 9 females and 21 males (5-34 years). All patients had normal kidney function, as estimated by the Modification of Diet in Renal Disease study equation (for those with age 6 21 years) [18] or Schwarts formula (for those with age ! 21 years) [19, 20] . The background renal diseases were IgA nephropathy (n = 26), purpura nephritis (n = 24), lupus nephritis (n = 8), focal segmental glomerulosclerosis (n = 7), and non-IgA mesangial proliferative glomerulonephritis (n = 5).
Measurements
Serum concentration of sodium, potassium, and creatinine, and urinary concentrations of sodium and protein were measured in the clinical laboratory in the Hospital of Tokushima University School of Medicine. Urinary concentrations of albumin and creatinine were measured by an automated machine (DCA 2000+, Bayer) with reagent kits (Bayer). Based on examination of urine samples, urinary occult blood index was classified as follows: 0, 0-5 erythrocytes/high-power field (HPF); 1+, 5-30 erythrocytes/ HPF; 2+, 1 30 erythrocytes/HPF: 3+, macroscopic hematuria, as previously described [15, 21] . Plasma and urinary concentrations of AGT were measured with ELISA kits as previously described [17] . The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease Formula [eGFR = 175 ! standardized serum creatinine -1.154 ! age -0.203 [18] , which was found to correlate well with GFR corrected for body surface area in adults [22] . We used the formula developed by Schwartz et al. [19, 20] to calculate eGFR (K ! height/serum creatinine) for children. The K factor was 0.55 for children aged from 2 to 12 years, 0.55 for females aged from 13 to 21 years, and 0.70 for males aged from 13 to 21 years.
Statistical Analysis
Pearson correlation coefficients and Spearman correlation coefficients were used for parametric data and nonparametric data, respectively. Standard least squares method was used for multiple regression analysis. Comparisons of continuous variables between groups were performed using one-way analysis of variance and Dunnett's test. All data are presented as means 8 SE. p ! 0.05 was considered significant. All computations including data management and statistical analyses were performed with JMP software (SAS Institute).
Results
Subject Profiles and Laboratory Data
The profiles of the included subjects are summarized in table 1 . The laboratory data of the involved subjects are summarized in table 2 . Figure 1 demonstrates single-regression analyses for UAGT-creatinine ratio (UAGT/UCre) with clinical parameters. UAGT/UCre levels did not correlate with gender, age, height, body weight, body mass index, systolic blood pressure, serum sodium levels, serum potassium levels, serum creatinine levels, eGFR, urinary fractional excretion of sodium, or plasma AGT levels. However, UAGT/UCre levels significantly positively correlated with diastolic blood pressure ( fig. 1 a; 
Single-Regression Analyses
Factorial Analyses
Factors with significant single correlation with UAGT/ UCre levels were adopted as explanatory variables in factorial analysis. As a result, urinary albumin-creatinine ratio, urinary occult blood and diastolic blood pressure were excluded as described in table 3 . Only urinary protein-creatinine can account for 47% of variation in UAGT/ UCre levels (r = 0.6856, R2 = 0.47, p ! 0.0001). C re = Creatinine; UNa/UCre = urinary sodium-creatinine; UK/UCre = urinary potassium-creatinine ratio; UPro/UCre = urinary protein-creatinine ratio; UAlb/UCre = urinary albumin-creatinine ratio; FENa = fractional excretion of sodium; eGFR = estimated glomerular filtration rate.
* p < 0.05 vs. control subjects; # p < 0.05 vs. CGN -RASB. Figure 2 shows UAGT/UCre levels in chronic glomerulonephritis patients with/without RAS blockade and in control subjects. UAGT/UCre levels were significantly increased in chronic glomerulonephritis patients without RAS blockade (19.79 8 3.70 g/g) compared with control subjects (6.22 8 0.98, p ! 0.0001). Importantly, the usage of RAS blockade attenuated this augmentation (10.58 8 1.23, p = 0.0021).
UAGT Levels in Chronic Glomerulonephritis Patients
Discussion
Recent studies on experimental animal models and transgenic mice have documented the involvement of AGT in the activation of the RAS and development of hypertension [23, 24] . In human genetic studies, a linkage has been established between the AGT gene and hypertension [25] [26] [27] . Enhanced intrarenal AGT mRNA and/ or protein levels have also been observed in multiple ex- perimental models of hypertension including angiotensin II-dependent hypertensive rats [12] [13] [14] as well as in kidney diseases including diabetic nephropathy [28] [29] [30] , IgA nephropathy [15, 31] , and radiation nephropathy [32] . Thus, AGT plays an important role in the development and progression of hypertension and kidney disease [33, 34] . Recently, we developed an ELISA specific for evaluating human AGT levels [17] and found that UAGT/UCre levels were significantly increased in hypertensive patients not treated with RAS blockers compared with normotensive subjects. Importantly, patients treated with RAS blockers exhibited a marked attenuation of this augmentation. These data suggest that the efficacy of RAS blockade to reduce the intrarenal RAS activity can be assessed by measuring UAGT levels [35] . Our study therefore provides additional evidence to support the hypothesis that UAGT reflects intrarenal RAS status in chronic glomerulonephritis patients.
In this study, we randomly recruited female and male subjects aged between 5 and 35 years without any bias in the selection process. Accordingly, there were some deviations in the grouping of gender, height, body weight, and body mass index ( table 1 ) . However, it is very important to emphasize here that all of these parameters (gender, height, body weight, and body mass index) were not correlated with UAGT/UCre levels, as described above. Therefore, it would be unlikely that these deviations may affect the final results reported herein.
Correlation analysis in the present study may provide an interesting perspective. UAGT/UCre was significantly correlated positively with diastolic blood pressure, urinary albumin-creatinine ratio, protein-creatinine ratio and occult blood. We previously reported that immunoreactivity of intrarenal AGT is increased in IgA nephropathy patients and significantly correlated positively with urinary albumin-creatinine ratio, protein-creatinine ratio and occult blood [15] . These data together with our present study may suggest that intrarenal AGT level and UAGT levels can be markers of chronic glomerulonephritis.
Although most of the circulating AGT is produced and secreted by the liver, the kidneys also produce AGT [33] . Intrarenal AGT mRNA and protein have been localized to proximal tubule cells indicating that the intratubular angiotensin II could be derived from locally formed and secreted AGT [36, 37] . The AGT produced in proximal tubule cells appears to be secreted directly into the tubular lumen in addition to producing its metabolites intracellularly and secreting them into the tubular lumen [38] . Proximal tubular AGT concentrations in anesthetized rats have been reported in the range of 300-600 n M which greatly exceed the free angiotensin I and angiotensin II tubular fluid concentrations [34] . Because of its molecular size (50-60 kDa), it seems unlikely that much of the plasma AGT filters across the glomerular membrane, further supporting the concept that proximal tubular cells secrete AGT directly into the tubules [39] . To determine if circulating AGT is a source of UAGT, we infused human AGT into hypertensive and normotensive rats [13] . However, human AGT was detectable in plasma but not detectable in the urine of rats [13] . The failure to detect human AGT in the urine indicates limited glomerular permeability and/or tubular degradation. These findings support the hypothesis that UAGT comes from the AGT that is formed and secreted by the proximal tubules and not from plasma. In agreement with this concept, plasma AGT levels were not correlated with UAGT/UCre levels in this study. Moreover, plasma AGT levels were not changed among the three groups even though UAGT/ UCre levels were significantly different among the three groups in this study. Therefore, it seems highly likely that AGT in urine originates from AGT in the kidney, not from AGT in plasma.
We have previously reported that UAGT/UCre levels in diabetic nephropathy and membranous nephropathy patients were much higher than the average in chronic kidney disease patients [40] . Importantly, the activated intrarenal RAS has been reported in the progression of renal injury in patients with diabetic nephropathy [41] as well as membranous nephropathy [42] . In contrast, UAGT/UCre levels in minimal change were similar to those in control subjects, even though patients with minimal change showed severe proteinuria [40] . These findings in chronic kidney disease patients support the hypothesis that the enhanced UAGT in chronic glomerulonephritis patients is not just a nonspecific consequence of proteinuria.
In this study, UAGT/UCre levels were significantly correlated positively with urinary albumin-creatinine ratio and urinary protein-creatinine ratio. Therefore, in many cases, those who showed high UAGT/UCre levels also showed high urinary albumin-creatinine ratio and/ or high urinary protein-creatinine ratio. However, when individual values were examined, there were also some cases where UAGT/UCre levels did not parallel the urinary albumin-creatinine ratio ( fig. 1 b) and/or high urinary protein-creatinine ratio ( fig. 1 c) . Also, we have reported that increased UAGT levels precede increased urinary albumin levels and urinary protein levels in type 1 diabetic juveniles [43] . Taken together, these data indicate that the enhanced UAGT in chronic glomerulonephritis patients in this study is not just a nonspecific consequence of proteinuria.
A glucocorticoid responsive element is located in the promoter region of the human AGT gene [44, 45] . Therefore, the usage of glucocorticoid, such as steroid, may affect plasma and/or UAGT levels. We have also examined the influence of steroid therapy upon UAGT levels. As a result, UAGT/UCre levels were significantly increased in chronic glomerulonephritis patients not treated with steroid therapy (16.32 8 2.34 g/g) compared with normal control subjects (6.22 8 0.98 g/g, p = 0.0006). The usage of steroid therapy attenuated this augmentation (10.239 8 1.80 g/g, p = 0.0286). Interestingly, plasma AGT levels in chronic glomerulonephritis patients without steroid therapy were decreased (18.02 8 3.36 g/ml) compared with control subjects (28.15 8 4.87 g/ml, p = 0.0849). However, plasma AGT levels were elevated by the treatment of steroid therapy (45.52 8 11.69 g/ml, p = 0.0037). These results may suggest that steroid therapy affects plasma and UAGT levels in an opposite direction, also supporting that UAGT is not derived from AGT in plasma.
Different antihypertensive regiments also have different effects on the circulating and tissue RAS and plasma and UAGT levels. In order to address this issue, we have subdivided the chronic glomerulonephritis patients with RAS blockade group into two subgroups according to the antihypertensive regimens: patients treated with ACEi and patients treated with ARB. In the results, statistically significant difference in UAGT levels was not observed between the ACEi (12.06 8 1.58 g/g) and ARB groups (9.46 8 2.33 g/g; p = 0.4527).
We believe that a larger multicenter randomized control study is required to extend these observations. A prospective study to determine the relationship between the effect of RAS blockade on UAGT and urinary albumin/ protein would be helpful in assessing the clinical significance of the decrease in UAGT with RAS blockade. A randomized clinical trial has been projected to establish a novel diagnostic test to identify those glomerulonephritis patients most likely to respond to RAS blockade. This trial could provide useful information to allow a mechanistic rationale for a better selection of an optimal treatment of chronic glomerulonephritis.
